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Abstract 
The principal source of water in the Huron River is 
groundwater. However, other water types also enter the 
river at various localities along the course of the river. 
The water in the Huron River consists of a mixture of two 
groundwater components as well as waters from other sources 
whose entry into the river changes the chemical composition 
af the water of the Huron River along its course. 
Mixing and dilution occur along the entire course 
of the river. Initially the two groundwater components 
mix to form water reflecting both components. In addition, 
2 
various contaminants enter the river and mix with the pristine 
water already in the river channel. Meteoric water serves 
as a diluting agent which decreases the concentrations 
of the elements dissolved in the water. 
Contaminants enter the river in the form of sewage 
effluent and industrial waste discharged either directly 
or via tributary streams. How and to what extent these 
influxes of water affect the chemical composition of the 
river can be determined through the interpretation of chem-
ical analyses of water along the river's course. By treating 
the water as a series of mixtures, we can determine the 
natural composition of the water without the effects of 
contamination. 
Introduction 
The Huron River is a typical river in North Central 
Ohio. Like all northern Ohio rivers, it empties into Lake 
Erie which is a very dilute body of water in contrast to 
the Huron River. The higher element concentrations in 
the river are the result of many processes taking place 
along the river's course. 
The Huron River is less than 35 miles in length, and 
it flows across glacial sediment for most of its course. 
The river drains many small to moderate size towns and 
villages identified on Figure 1. The water in the river 
is not used for drinking because ample groundwater is avail-
able for that purpose. The primary source of water in 
the river is groundwater and the chemical composition of 
the water in the Huron River is determined primarily by 
the composition of the local groundwater. Like many streams 
and rivers in north central Ohio, the Huron River also 
serves as a collector of sewage effluent and industrial 
wastes. These contaminants affect the chemical composition 
and quality of water in the river. 
One of the first major government-sponsored studies 
of Lake Erie was published in 1968 by the Federal Water 
Pollution Control Administration and was entitled Lake 
Erie Report. Since this time, many efforts have been made 
to prevent further contamination of the lake by its tributary 
rivers. In order to achieve these goals, stricter controls 
have been placed on the discharge of sewage effluent on 
most areas. A subsequent study on Lake Erie's tributaries 
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Fig. 1. Map of the drainage basin of the Huron River, 
northern Ohio. 
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was presented in 1980 by the Ohio E.P.A. in a publication 
entitled Ohio 1980 Water Quality Inventory. This study 
cites the improvements of Ohio's waters after the elimination 
of many rural sewage discharge sites and the improvement 
of old sewage disposal plants. Although many similar studies 
have dealt with sewage and phosphate disposal, the chemical 
composition of the Huron River over its entire length has 
not been studied before. 
Sample Collection and Analysis 
Ten 250 mL water samples were collected in polyethylene 
bottles at ten locations along the course of the Huron 
River (Figure 1). The samples were collected on December 
20, 1991, prior to the year's first major snowfall. The 
locations are evenly distributed along the main branch 
and the two major tributary branches of the river (Fig.1). 
The samples were taken from the surf ace and near the banks 
of the river. 
The water was acidified in the field to a pH = 2 with 
HN03. The samples were stored at a temperature slightly 
below room temperature but were not refrigerated. Each 
sample was then filtered through 0.45 pm filters under 
vacuum. A small quantity of each sample was used to decon-
taminate the filtering equipment. The volume of each sample 
analyzed was 125 mL. 
The analyses were done using Inductively Coupled Plasma 
5 
Spectrometry (ICP) by X-ray Assay Labs in Don Mills, Ontar-
io. Each sample was analyzed for 25 elements including 
Na, K, Ca, and Mg. The detection limits of each element 
are listed in Table 1. 
Table 2 displays the results of the analyses with 
the concentrations of the elements in parts per billion 
(~g/L). The following elements were not detected because 
their concentrations were below the detection limits: W, 
Bi, Sn, Sb, Zr, V, Co, Ag, Be. Several additional elements 
were detected in at least one sample in low concentrations, 
including: Pb, P, Mo, Cr, Ti, Ni, Cu, and Cd. 
Variations Along the Course of the Huron River 
The graphs of Figure 2 show how the concentrations 
of the most abundant elements vary along the course of 
the Huron River. Each graph has peaks and valleys which 
indicate influxes of water with unique but varying compo-
sitions. The graphs indicate that the two branches of 
the river have different concentrations of Ca, Na, Mg, 
and K. The concentrations of these elements are higher 
in the west branch than those in the east branch. Without 
accounting for the effects of dilution, one might assume 
that a major difference in chemical composition exists 
between the two branches. 
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River . 
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Mixing of the Branch Waters 
From Figure 2 it can be determined that the chemical 
concentrations in each branch are different. Therefore, 
when the two branches join to form a single channel, a 
mixture of water from the two branches is formed. By using 
the data in Table 2 it is possible to determine the approx-
imate volume fraction of water each branch contributes 
to the confluence water. 
The concentrations of the four major elements were 
used in Equation 1, where A is the concentration and the 
subscripts e and w denote east/west branch, respectively. 
The subscript c indicates confluence water which is indicated 
by point 8 on Figure 2. 
( \ ) 
Solving for fw (volume fraction of the west branch), we 
get about 62% ± 156 for the average of the major elements. 
This agrees with the stream discharges estimated by compu-
ting discharge from the length of each branch> which is 
assumed to be proportional to the area of the respective 
drainage basin. According to its length, the west branch 
should contribute about 60% of the volume of water at the 
confluence. 
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Mixing of Water Along the Course 
Because the river water is a mixture of at least three 
sources of water, mixing triangles can be constructed using 
the major elements. These triangles (Fig.3) divide the 
groundwater into 2 components (A & B). Component A is 
Ca, Mg - rich and component B is Na - rich. A third component 
(C), present in the river, causes dilution and has the 
composition of meteoric water. 
Calcium is most abundant among the major elements. In 
the west branch, the concentration of Ca remains nearly 
constant whereas in the east branch Ca concentrations fluc-
tuate. The constant Ca concentration on the west branch 
suggests that dilution and groundwater type A enter at low 
and/or constant rates. Their input is such that they appear 
10 
to cancel one another. However, a larger number of samples 
from the west branch may show fluctuations in the concentration 
of Ca. The variations of Ca in the east branch are likely 
caused by input of groundwater and surface run-off at varying 
rates. Sample #4 on Figure 2 indicates an influx of component 
A whereas sample #7 indicates that much dilution has taken 
place between the two samples. 
The other three major elements exhibit different pat-
terns of variation in each branch (Figure 2). The west 
branch has fluctuating concentrations, whereas the east 
branch shows a steady decrease in concentrations presumably 
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because of progressive dilution. Sample #5 is representative 
of type A water (high Ca, Mg, low Na) entering the river. 
In addition, dilution is occurring at location 5 as indicated 
by decreases in the concentrations primarily of Mg, Na, 
and K. Evidence to be presented later will demonstrate 
the input of component A at location 5 after the effects 
of dilution have been removed from the data. 
Having looked at the samples individually, it is now 
appropriate to discuss the variations of the river as a 
whole. Figure 4, used in conjunction with Figure 2, allows 
us to recognize and to interpret patterns of chemical changes 
in the river. At the source of the river, groundwater 
of component B is accounting for most of the water. Here 
there is no component A and very little dilution. As the 
water progresses downstream, more and more of groundwater 
A enters the river and the dilution gradually increases 
as well. After location 5, there is an apparent shift 
in groundwater composition toward B, which continues until 
the branches come together to form a new source-water at 
location 8. 
Mixing Below the Confluence 
The sample taken at location 8 is a product of mixing 
of the two river branches. Figure 2 illustrates the effect 
of mixing the water of the two branches at location 8 below 
the confluence the concentration of each major element 
12 
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Table 3. Concentrations of major elements in ,ug/L without dilution. 
Element 1 2 3 4 5 6 7 
Ca 60000 90000 134000 165000 110000 155000 14SOOQ 
Na 40000 38000 28000 24000 22500 26000 28000 
Mg 17500 26000 34000 38000 38000 37500 35000 
of sample #8 lies between the compositions of samples (6&7) 
taken from the east and west branches respectively. 
The chemical composition of the waters of samples 
9 and 10 downstream from the confluence are very distinc-
tive. Sample #9 contains increased concentrations of the 
major elements followed by decreases in sample #10. This 
pattern of variation at the two locations is duplicated by 
most of the trace metals as well. 
What is the reason for the high concentrations of metals 
in sample #9? One explanation is that highly concentrated 
groundwater may have entered the river between locations 8 
and 9. By examining the Figures 3 and 4, I conclude that 
this is not the case. Because the concentrations of both 
Ca and Na increase, the contaminant cannot be water components 
A or B. Therefore, a new component, labeled D in Figure 5, 
must be present to account for the large increases in concen-
trations and is estimated to be a very undiluted point-source 
contaminant. 
Upon discovering these abnormally high concencentrations 
at location 9, I investigated the situation further. What 
I found was that the high concentrations are likely to be the 
result of sewage effluent discharge. According to George 
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Tigges of the Huron Basin Wastes & Hazards Management, domes-
tic houses situated along the river at this location have 
~ (~lT\, i1JA'~J.A ~0,_i.; 
poorly developed sewers and have been known to\of raw sew~ ~~­
!\ 
directly into the river. A municipal sewage treatment plant 
just north of Milan (Figure 6) discharges effluent into the 
river between points 8 and 9. However, Tigges stated that 
the concentrations of the discharged wastes at this locality 
are only at or below the concentrations of the natural river water. 
Figure 5 is a mixing triangle describing very generally 
what the composition of component D must be in order to raise 
the concentrations of Ca and Na in the river to the levels 
present at location 9. Location 10 is near the mouth of the 
river within 150 m of Lake Erie and sample #10 is very dilute 
with respect to the major elements. Although the chemical 
composition of water from Lake Erie was not determined in 
this study, it is reasonable to conclude that sample #10 was 
diluted by mixing with the lake water. Dave Klarer of Old 
Woman Creek National Estuarine Preserve and State Nature 
Preserve determined concentration levels of near-shore Lake 
Erie water at different times in 1984/85. His data for near-
shore Lake Erie water are approximately the same as concen-
tration levels of sample #10. The comparison confirms that 
a large volume of lake water mixed with the river water at 
location 10. 
~Sew~ge effluent discharged 
-: ~into stream 
• MILAN 
0 o.s 
6- Sample Localities 
.t-tiles 
Fig. 6. Map of the Huron River near Milan,Ohio, showing the locations 
of three of the samples and sources of contamination. 
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Amount of Dilution 
In order to determine the pristine nature of the source-
water composing the two branches we must eliminate all effects 
of dilution. Dilution is caused by run-off of meteoric water. 
The mixing triangles of Figure 3 allow us to remove dilution 
effects by drawing dilution lines to the mixing line. By 
extending the dilution lines from the origin to the mixing 
line (AB) and transporrting the plotted points along these 
lines to the mixing line, the effects of dilution are removed 
Figure 4 is based on the calculated results of how the 
concentrations of Ca, Na, and Mg would vary in terms of dis-
tance from the river's source if all dilution is removed. 
We can now see that there is no difference in the chemical 
composition of the groundwater of each branch of the Huron 
River. The apparent difference in composition seen in Figure 2 
is caused by differences in the amount of dilution. The 
components making up the water below the confluence are not 
fully known; therefore, it is not possible to accurately 
remove the effects of dilution from these samples. 
Trace Metals and Elements 
In general, the primary trace metals, which consist of 
Fe, Sr, Zn, and Mn, follow the patterns set by the major 
elements with regards to relative element concentrations. 
The west branch of the river has consistently higher concen-
18 
trations than the east branch, presumably again due to g reater 
I 
dilution in the east branch. Also following the pattern, I 
I 
the confluence water of sample # 8 has concentration levels 
between the final levels of each branch, and water at loca-
tion 9 shows an increase in trace metal concentrations. The 
! 
only element which deviates from the pattern is Zn. ; 
I 
The Zn concentrations in the east branch are higher 
I 
than those of the less dilute west branch. Even mor~ sur-
i 
• I 
prising is the fact that the Zn concentration in sample #8 
I 
was higher than in any other sample, which is not consistent 
with the mixing model. Also, the concentration of Zn in 
sample #9 decreased when all other elements increased. 
L 
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I) 
The fact that the Zn concentration at location 8 in-
creased at location 8 to a level higher than could be obtained 
by mixing proves that a major source of Zn in addition to 
groundwater is entering into the river. Figure 6 shows the 
location of a small steel plant in relation to the location 
of sample #8. Because the direction of water flow is north-
east, there is strong reason to believe that the elevated Zn 
concentrations are due to waste discharge by the steel fac-
tory. In support of this hypothesis, Ni was also detected 
at the same location. Nickel is used to harden steel and 
was not detected at any other point along the Huron River. 
Conclusions 
The chemical composition of the Huron River reflects 
the many processes taking place along its course. By analy-
zing the river along its entire course we can determine the 
chemical composition of the source waters. If contamination 
from outside sources is excluded, it is possible to identify 
the locations of the inflows of different chemical components. 
We are then able to predict what the natural composition of 
the water would be without contamination. 
Dilution is very important in the Huron River system. 
Meteoric water drains into the river and lowers the pristine 
concentration levels of water along the river. By removing 
dilution effects, we see that the two river branches are very 
20 
much a part of the same river system with related sources. 
Knowing the composition of the natural waters allows us 
to locate the sources of contamination and the relative com-
positions of its components. The Huron River is a good exam-
ple of how contaminants mix with natural waters to form a 
water with a composition different from both components. 
Thus, we can learn a lot from analyzing the chemical compo-
sition of our streams and throughout their course. In doing 
so we can detect contamination sources and do something about 
them in order to improve the water quality reaching the lakes 
and oceans. 
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